A legacy of waste rock associated with abandoned mining operations continues to degrade water quality in the Colorado Front Range. The success of remediation at these sites may be impeded by financial constraints, uncertain liability, and the legal status of lands in question. However, the development of safe, costeffective reuses for orphan mine wastes may offset remediation costs and encourage stakeholder participation. Service-based, experiential education adds value to the effort, allowing undergraduate students to provide preliminary assessments of mine waste while interacting with nonprofit and consulting organizations. To investigate the feasibility of this approach, collaboration among the nonprofit Clear Creek Watershed Foundation, Colorado School of Mines, and Frontier Environmental Services, Inc., examined waste piles along Trail Creek, near Idaho Springs, CO. Piles were assessed for impact on the surrounding watershed and for potential reuse as foundational concrete aggregate for a proposed local wind farm. Grab samples and 30-subsample composites were evaluated according to established physical and chemical criteria. Physical data gathered included volumetric assessments of the piles, sieving to compare particle size distributions to ASTM aggregate standards, and ranking of each site according to distance to drainage, erosion, and vegetation present. Concentrations of metals regulated by EPA maximum contaminant levels (MCLs) were analyzed in leachates by ICP-AES and compared to regulatory limits. Slag material had sufficient coarse aggregate content for concrete applications (ASTM standards), while unprocessed waste rock, which comprised most of the material available, contained an excess of fines. Regarding chemical leachability, both waste rock and slag were found to be acceptable for landfill disposal with the exception of isolated lead measurements exceeding hazardous waste regulations. Over the investigated reach of Trail Creek, total metal loading increased by 4.8 kg/day proximal to the piles, suggesting that removal could alleviate the metal burden (particularly Zn and Cu) on receiving waters.
Introduction
In the spirit of the EPA/DOE Brightfields Initiative (U.S. EPA, 1999) , which promotes the use of Brownfields for renewable energy projects, three sites along Trail Creek near Idaho Springs, CO (Dumont Placer, Gumtree, and Jones Slag Placer) were identified as waste piles that could potentially be used as construction materials for alternative energy projects. There are several purposes for this paper. First, it will be shown how simple physical and chemical techniques that are normally used to assess hazardous materials (Wildeman et al., 2007) can be used to give an indication of whether waste rock can be used safely as recycled materials in future construction projects. Secondly, it will be shown how experiential, community-based educational modules that pair students with local organizations can promote engagement for students who are enrolled in fields focusing on natural resources. In a broader perspective, this effort aimed to bring value to these sites in the form of collaborative science and engineering, experiential undergraduate education, and by evaluating the waste for potential reuse. In doing so, the project also contributed to progress in regional environmental objectives.
In collaboration with CCWF, both Frontier Environmental (FE) and Colorado School of Mines (CSM) conducted field and laboratory assessment of the three waste piles and the portion of Trail Creek that flows by the piles. This preliminary, non-regulatory assessment conducted by CSM was used to focus an official assessment and report by FE for use by lending agencies and contractors for determining project feasibility. Thirteen students were divided into three groups, each of which was assigned to handle sampling and data analysis for one of the three sites. The scientific objectives of the field and laboratory assessment were:
1. To provide a preliminary indication of whether or not pile materials could be used as aggregate in concrete used in the foundation of proposed wind turbines in the region.
2. Assess which of the piles would be most feasible for use as concrete aggregate.
3. Assess whether the waste materials could be used as backfill at alternative energy sites if it wasn't suitable for aggregate.
4. Based on local hydrological conditions and type of rock (waste rock or slag) estimate the relative contributions that each pile has on metal loading in Trail Creek.
Materials and Methods

Sample Collection
Students were divided into groups and assigned to waste piles Dumont Placer (Fig. 2) , Gumtree and Jones Placer Slag on May 18 th , 2010 for field assessments and sampling. To secure a representative sample, composites consisting of thirty-subsamples were collected from subunits on a standardized grid of each pile, and then were dried, sieved and subjected to the battery of leaching procedures described below for a sample mean representative of each pile (Smith et al., 2000) . Water samples were also collected along Trail Creek proximal to the three piles, and ionic conductivity and pH were measured on each sample at the time of collection. Flow rates were subsequently estimated by several methods including tracer and float tests (Day 1977) Field criteria that were used to assess Dumont Placer, Gumtree, and Jones Slag Placer experimental sites are listed in Table 1 . Piles were ranked by students according to criteria established for use in evaluating potential aquatic toxicity from AFMW (Wildeman et al. 2007) .
Each site received ratings on a 1-5 scale for separate, semi-quantitative parameters (distance to drainage, erosion, surrounding vegetative growth (kill zone), and vegetation on pile) relating to overall physical stability of the waste piles. Physical hazards may be present with or without chemical hazards, and so each must be considered independently to achieve the most accurate assessment possible. Metal loads were calculated by multiplying discharge by total metal concentration.
Laboratory Assessment Activities and Experimental Procedures
To provide a preliminary assessment as to whether the waste piles might serve as concrete aggregate or backfill material for alternative energy projects, the sites were ranked for physical stability and subjected to five separate leach tests to detect the potential for release of toxic (Wildeman et al. 2007 ).
Chemical Assessments. Using the Mine Waste Decision Tree (MWDT) (Wildeman et al. 2007) in Fig. 3 as a guideline, the students conducted several leaching tests to gauge the potential for dissolution of pyritic sulfide minerals and other relevant factors. In accord with the MWDT, students assumed ecological toxicity due to enhanced solubility of trace metals if the leachate pHs were less than 5.0. Samples with natural water leachates pHs above 5 were tested to determine more thoroughly if the waste could be expected to leach toxic elements if used as concrete aggregate or backfill for alternative energy projects. In addition to comparing leachate concentrations with regulatory standards, students compiled elemental concentrations determined by ICP-AES into element concentrations pattern graphs (ECPGs). While leaching procedures varied by extraction fluid as well as liquid to solid ratio (by a factor of ten), elemental concentration patterns were fairly consistent, indicating that ECPGs may give a sound estimate of the relative toxicity potential of the different waste piles.
Mining Waste Decision Tree
Results
Three types of assessments were employed to estimate metal loading from the slag and waste 
Physical Assessments
Using the physical ranking criteria from the MWDT, the first pile of waste rock (Dumont Placer) showed the most significant potential for metal release to Trail Creek, with maximum ratings in distance to drainage and evidence of erosion (Table 2) . Volume Estimates. Participants in the field session estimated the volume of each pile by breaking it up into discrete parcels. The dimensions of these parcels were then determined by laser distance scopes and used to build a visual model for each pile in SolidWorks ® (Fig. 4) . The resulting calculated volumes were then corroborated with calculations for waste rock volume as shown in Table II . The waste rock piles were both more than double the volume of the slag material.
Scale 50 m Average Mountain Slope 37° Water was sampled at two locations from the Dumont Placer waste rock pile, and no pore or surface water was observed at the Gumtree waste rock pile. This was likely caused by slope aspect, as the Gumtree pile was on the more southern-facing slope. For the waters found on the Dumont Placer pile, the pH was less than 5, which according to the MWDT (Fig. 3 ) implies that this water should be considered toxic to aquatic organisms. This low pH with SO 4 2-levels up to 624 mg/L, strongly indicated the presence of acid forming sulfide minerals. Water from a surface pond on the pile was pH 3.9, and water from a hole that was dug at the edge of the pile, which quickly filled with pore water, measured at pH 3.2. ICP-AES analysis later determined that water samples from this hole contained alarmingly high concentrations of Al (35.6 mg/L), Field-scale variations in mineral composition may be at least partially responsible for the differences noted between the two piles, but other factors such as increased snowmelt from solar radiation on the south-facing slope may also play a role in regulating Pb-related biogeochemical processes.
Estimating Flow Rates and Metal Loading Calculations
As shown in Fig. 6 , total metal loading increased along the studied reach of Trail Creek suggesting that the waste rock piles are probably responsible for the additional loading.
Removal of one or more of the waste rock piles is likely to reduce that load, once steady state conditions have resumed after the initial physio-hydrological disturbance of removing the pile(s).
Water quality surveillance revealed that in average low-flow conditions, Trail Creek flows at 0.014 m 3 /s (0.5 cfs), while storm events can bring flows up to 0.17 m 3 /s (6 cfs) (Crouse 2010) .
The average flow rate determined by field session participants of 0.053 ± 0.024 m 3 /s (2 cfs). is within these extremes. Comparing the three piles, Dumont Placer was the most impacted by erosion, ranking highest in overall risk by the physical criteria ranking protocol provided. It must be noted that Pb concentration in modified TCLP leachates from the Gumtree waste pile were over the 5 mg/L RCRA limit in one of three samples, suggesting heterogeneity in lead concentrations that could impede the use of this material for fill. This, combined with comparatively difficult access to the Gumtree waste pile across Trail Creek and its location, ~100 m above any passable roads, suggest that again the removal of Dumont Placer waste would be the most feasible option for use as concrete aggregate or backfill. Depending on the relative costs of local processing compared to the transportation of suitable coarse aggregate to satisfy ASTM standards of a mixture, the slag material may or may not also represent a potential solution to satisfying coarse aggregate requirements.
Broader Implications
Creativity and resourcefulness are needed to fund and implement low-cost remediation technologies and best management practices for abandoned mines given complications with legal status and uncertain or non-existent ownership. This investigation details an effort to investigate the reuse of orphan waste rock, which could be used as concrete aggregate that feeds into green initiatives such as wind turbines. The successful reuse of these materials could result in a double benefit for society: the reduction in cost for remediation is compounded with the reduction in transportation costs for construction. Transportation costs of concrete aggregate are a significant factor in the feasibility of a construction project (ACPA 1993 , Chini et al., 2001 ) and increase the carbon footprint of the project. The construction of an alternative energy project is no exception.
The spirit of this approach and attempt for net improvement in land value aligns with EPA's Brownfields to Brightfields Initiative (U.S. EPA 1999). It also highlights how collaborations among the academic (CSM), non-profit (CCWF), and the private sector (FE) can be used as a model for exploration and solutions to regional environmental problems. From an educational perspective, place-based natural resource decision-making enabled the students to integrate their scientific and engineering findings into recommendations about local planning efforts and hence increased overall satisfaction with a hands-on learning experience (Daniels and Walker 2001) .
Furthermore, implementation through undergraduate field session provided training to a talented young group of undergraduate students who will begin to enter the workforce as engineering practitioners in 2011. Student responses relating to Field Session 2010 were overwhelmingly positive with comments such as "I learned a lot of things I could have not learned in the classroom", "working in teams in a more independent, [but supportive] environment was really helpful" and "the time in the field and working for an actual company with real world applications was effective for promoting learning."
